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HALL -EFFECT PLASMA THRUSTER 



Technical Field 

This invention relates to the field of plasma 
thrusters, particularly Hall-effect plasma thrusters. 

Such engines, for example, may be used in space, 
e.g., in order to keep a satellite in geostationary 
5 orbit, or to transfer a satellite from one orbit to 
another, or to compensate for drag forces exerted on 
satellites in low orbit, or else for missions requiring 
low thrusts over long periods of time such as during an 
interplanetary mission. 

10 

Prior Art 

Such thrusters are known and have already been the 
subject of disclosures, e.g., in the U.S. Patent US-A- 
6 281 622, or else in the U.S. Patent US 5 359 258. 

15 The detailed structure of such thrusters is 

described in these two documents. It will be used 
hereinafter in connection with figures 1 and 2, a 
simplified schematic of such a structure. This 
schematic is specifically intended to provide 

2 0 explanations concerning the operation of such a 
thruster . 

Figure 1 shows an axial section of one example of 
such a thruster, and figure 2 shows a perspective view 
as seen from the rear of said thruster example. 
2 5 The thruster is substantially a revolution shape 

around an axis OO' . The cutting plane of figure 1 
comprises this axis 00' . A forward- backward or 
upstream-downstream direction in the axial direction is 
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indicated by arrows E showing substantially the 
direction of an electric field created by the 
association of an annular anode 1 placed behind an 
annular channel 3 and a cathode 2 placed substantially 
5 in front of the annular channel 3, to the outside 
thereof and adjacent thereto. The arrangement of the 
cathode 2 thus makes it possible to create an electric 
field with the anode 1 that is oriented substantially 
in the axial direction OO' , while at the same time 

10 being outside of the propulsive flow. For purposes of 
reliability, as shown in figure 2, this cathode is 
generally duplicated by a second fail-safe cathode. The 
annular anode 1 has an annular bottom placed 
concentrically in relation to the annular channel 3. 

15 This bottom comprises passages, e.g., in the form of 
through-holes allowing the passage of a gas which can 
be ionized, e.g., xenon. 

The thruster comprises a magnetic circuit 4 0 made 
of magnetic ferrous materials consisting of a plate 4 

20 perpendicular to the axis OO' of the thruster, a 
central arm 41 having for its axis the axis OO' , two 
circular cylindrical poles 63 and 64 having for their 
axis the axis OO' and exterior peripheral arms 42, 
arranged in rotational symmetry around the axis OO' , on 

2 5 the exterior of the annular channel 3. The peripheral 
arms 42 may number 2, 3, 4 or more, or else consist of 
a single annular arm. The central arm 41 is terminated 
at its upstream end by a central magnetic pole 49, and 
each of the exterior peripheral arms 42 is terminated 

30 at its upstream end by a magnetic pole 48. The magnetic 
poles 48 consist of plates that are substantially 
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perpendicular to the axial direction OO' . As described 
in the previously cited U.S. Patent 6 281 622, column 5, 
lines 51-62, they may be angled, for example, between - 
15 and +15 degrees in relation to a plane perpendicular 
5 to the axis OO' . A central coil 51 centered on the 
central arm 41, and peripheral coils 52 wound around 
the exterior magnetic arms 42 make it possible to 
create magnetic field lines joining the central pole 49 
to the peripheral poles 48 and the pole 63 to the pole 

10 64. The magnetic field inside the annular channel is 
thus substantially perpendicular to the axis OO' . This 
direction of the magnetic field inside the annular 
channel 3 is indicated by arrows M in figure 1. Of 
course, as is known, the magnetic field lines inside 

15 the annular channel are not all parallel to one another. 
The annular channel 3 is physically formed by internal 
and external annular walls 61, 62, respectively, both 
centered on the axis OO' . These walls consist of a 
refractory material that is as resistant to ablation as 

20 possible. 

The theoretical operating model of such a device 
has not yet been perfectly mastered. However, it is 
agreed that the operation can substantially be 
explained as follows. Electrons emitted by the cathode 

25 2 travel towards the anode 1 from the upstream portion 
towards the downstream portion of the annular channel 3 . 
A portion of these electrons is trapped in the annular 
channel 3 by the magnetic field between poles. The 
collisions between electrons and gas molecules help to 

3 0 ionize the gas introduced into the channel 3 through 
the anode 1 . The mixture of ions and electrons then 
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forms a self -sustained ionized plasma. The ions are 
ejected downstream aided by the electric field, thereby 
creating an engine thrust directed upstream. The jet is 
electrically neutralized by electrons coming from the 
5 cathode 2 . 

The exhaust velocity of the ions is approximately 
5 times greater than the exhaust velocity that can be 
obtained with chemical thrusters . It follows that, with 
a much smaller ejected mass, it is possible to obtain 
10 improved thrust efficiency. 

The power supply to the coils creating the 
magnetic field requires an electrical power supply 
consisting, in general, of solar panels. 

15 Disclosure of the Invention 

In relation to the prior art just described, the 
invention aims at a plasma thruster which, for the same 
thrust, has a reduced consumption of electrical current 
and therefore a reduced mass of electrical generators, 

20 and a reduced mass and overall dimensions for the 
magnetic circuit, increased reliability and finally a 
lower production cost. 

According to the invention, the coils creating a 
magnetic field have a smaller number of wound coils 

25 made of a special high- temperature wire. This smaller 
number of wound coils produces the following advantages 
Losses due to the Joule effect are reduced, which 
results in reduced thruster heating ; the reliability 
of the thruster is increased because the special high- 

30 temperature wire is fragile. The total mass of the 
magnetic field-producing elements is reduced, due to 
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reduction in the number of coils and corresponding 
overall dimensions of the magnetic circuit- The 
production cost is reduced because the special high- 
temperature wire is expensive, and because the coils 
5 are simplified, whose role is then limited to a simple 
adjustment in the value of the magnetic field. Last, 
the thruster is likewise made lighter by the reduced 
mass of the electric power supplies, made possible by 
the reduction in current consumption. 
10 For all these purposes, the invention relates to a 

Hall -effect plasma thruster having a longitudinal axis 
substantially parallel to a thrust direction defining 
an upstream portion and a downstream portion, and 
comprising : 

15 - a primary ionization and acceleration channel 

made of a refractory material, the annular channel 
being open at its upstream end, 

- an annular gas -dispensing anode receiving gas 
from gas-distribution lines and equipped with passages 

2 0 for admitting this gas into the annular channel, said 
annular anode being placed inside of the channel in an 
upstream portion of said channel, 

- at least one hollow cathode arranged outside the 
annular channel, adjacent thereto, 

25 - a magnetic circuit comprising upstream polar 

ends for creating a radial magnetic field in an 
upstream portion of the annular channel between these 
polar parts, said circuit consisting of a downstream 
plate, from which protrude, upstream and parallel to 

30 the axis, a central arm situated at the center of the 
annular channel, two circular cylindrical poles on both 
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sides of the annular channel, and peripheral arms 
situated on the exterior of the annular channel and 
adjacent thereto, 

- the plasma thruster, is characterized in that at 
least one of the arms of the magnetic circuit comprises 
a permanent magnet . 

In one embodiment, a portion of the arms of the 
magnetic circuit comprises a permanent magnet and 
another portion of the arms of the magnetic circuit 
does not comprise permanent magnets. 

In another embodiment, all of the arms of the 
magnetic circuit comprise a permanent magnet. 

When the magnetic circuit comprises a field coil, 
the latter is wound around an arm not comprising an 
permanent magnet . 

No field coil is engaged around the arms of the 
magnetic circuit 40 comprising a permanent magnet. 

Brief Description of the Drawings 
20 Embodiments of the invention will now be described 

for non-limiting, illustrative purposes, in conjunction 
with the appended drawings. 

Figures 1 and 2, that have already been 
commented upon, show, respectively, an axial section, 
25 and a perspective view seen from behind of one sample 
embodiment of a plasma thruster according to the prior 
art . 

- Figure 3A shows an axial section of a first 
sample magnetic circuit of a plasma thruster according 

30 to the invention, the section having been made along 
the line CD of figure 3B. 



10 
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Figure 3B shows a cross-section of a first 
example magnetic circuit of a plasma thruster according 
to the invention, the section having been made along 
the line AB of figure 3A. 
5 - Figure 4A shows an axial section of a second 

example magnetic circuit of a plasma thruster according 
to the invention, the section having been made along 
the line CD of figure 4B. 

Figure 4B shows a cross-section of the second 
10 example magnetic circuit of a plasma thruster according 
to the invention, the section having been made along 
the line AB of figure 4A. 

- Figure 5A shows an axial section of a third 
example magnetic circuit of a plasma thruster according 

15 to the invention, the section having been made along 
the line CD of figure 5B. 

- Figure 5B shows a cross -sect ion of the third 
example magnetic circuit of a plasma thruster according 
to the invention, the section having been made along 

2 0 the line AB of figure 5A- 

Detailed Disclosure of Particular Embodiments 

In the embodiments that will be described below, 
only the magnetic circuit of a thruster according to 
25 the invention is described. These circuits provide the 
same functions as known magnetic circuits and are 
arranged in a similar fashion. 

These circuits differ from the prior art by the fact 
that one or more arms of the circuit comprise permanent 
30 magnets, e.g., rare earth magnets. This characteristic 
makes it possible to reduce the number of coils of the 
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field coils, possibly to the point of eliminating these 
coils or a portion of these coils. The reduction in the 
overall dimensions of the coils, which results from 
this modification, makes it possible to reduce the 
5 cross-dimension of the magnetic circuit, since the 
thickness of the coils to be housed can be reduced. 
Said reduction likewise makes it possible to reduce the 
axial dimension, which is often determined on the basis 
of the number of coils to be engaged around the central 

10 arm. It thereby becomes possible to limit the axial 
length of the thruster to the minimum length of the 
ionization chamber. 

As in the prior art described in connection with 
figures 1 and 2, each of the magnet circuit 40 

15 embodiments described in connection with figures 3, 4 
and 5 A and B comprise an upstream plate 4, made of a 
soft magnetic material, placed perpendicularly to an 
axis OO' of the circuit 40. This plate is completed by 
a cylindrically shaped central arm 41, having the axis 

20 OO'for its axis, by circular cylindrical poles 63 and 
64, having the axis OO' for their axis and arranged on 
both sides of an annular channel 3, and by peripheral 
arms 42, 43 arranged in rotational symmetry around the 
axis OO' , on the exterior of the annular channel 3. In 

2 5 figures 3 A and B and 4 A and B, there are four 
peripheral arms 42. Of course, the number of arms may 
differ. In particular, it may be greater than 4, as 
shown in figures 5 A and B, where this number is 8, due 
to the reduction in overall dimensions resulting from 

30 the cutback or reduction in the size of the field coils. 
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Each of the arms 41, 42 is terminated in its 
upstream portion by a magnetic pole, referenced as 49, 
for the pole of the central arm 41, and as 4 8 for each 
of the poles of the peripheral arms 42. Each pole 49, 
5 4 8 terminating an arm 41, 42, respectively, is arranged 
perpendicularly to the axis of said arm. The angle of 
inclination of the poles may be different, as described 
in connection with the description of the prior art. 

The increase in the number of separate peripheral 
10 arms brings about an improvement in the circular 
symmetry of the magnetic field, between the central 
pole 49 and the peripheral poles 48. 

Contrary to the prior art described, at least one 
of the arms comprises a permanent magnet forming a 
15 portion of the axial length of the arm. The arms 
comprising a permanent magnet bear the reference number 
41', when the central arm is involved, and 42' when the 
peripheral arm is involved. In figures 3, 4, 5 A and B, 
the permanent magnet is referenced as 54, when it is 

2 0 built into the central arm 41' . 

In the example shown in figures 3 A and B, all of 
the peripheral arms 42' are thus formed from the 
downstream portion to the upstream portion of a 
downstream portion 43 made of a soft magnetic material 
25 in contact with the downstream plate 4, from a rare 
earth magnet 54, an upstream portion 45 made of a soft 
magnetic material, this upstream portion 45 holding the 
magnetic pole 48. It is seen that a central portion of 
the arm adjacent to the downstream portion 43 and to 

3 0 the upstream portion 45 consists of said permanent 

magnet 54 . 
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In the example shown in figures 3 A and B, the 
central arm 41 is made entirely of a soft magnetic 
material. A central coil 51 made, as in the prior art, 
of a special high- temperature wire, comprising a metal 
5 sheath around a central conductor, makes it possible to 
adjust the magnetic field between poles. In this 
configuration, no peripheral field coil is arranged 
around the peripheral arms 42'. 

Thus, in this first sample embodiment, the 
10 peripheral arms 42' each comprise a permanent magnet 54, 
and the central arm 41 is made of a magnetic material 
only, a field coil 51 being engaged around said central 
arm 4 1 • 

In the example shown in figures 4 A and B, all of 
15 the peripheral arms 42 consist entirely of a soft 
magnetic material. A field coil 52 is arranged around 
each of the arms 42 . On the other hand, the central arm 
41' comprises a downstream portion 44 made of a soft 
magnetic material, a rare earth permanent magnet 55, 
2 0 and an upstream portion 46 made of a soft magnetic 
material, this upstream portion 46 holding the magnetic 
pole 49. 

In this configuration, no central field coil is 
arranged around the central arm 41. 
25 In this second embodiment, the central arm 41' 

comprises a permanent magnet 55 ; the peripheral arms 
42 are made of a magnetic material only, and a field 
coil 52 is engaged around each of said peripheral arms 
42 . 

30 Each of the arms 41' or 42' comprising a permanent 

magnet 55, 54, respectively, comprise a peripheral 
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jacket 47, exterior to said arm, made of a non-magnetic 
material. This jacket 47 makes it possible, e.g., by 
means of squeezing, to hold mechanically assembled 
together the downstream 43, 44 and upstream 45, 46 
5 portions, as well as the magnet 54, 55, together 
forming an arm 42', 41', respectively. The magnet 54, 
55 is held in contact with the downstream 43, 44 and 
upstream 45, 46 portions respectively. 

In the example shown in figures 5 A and B, there 

10 are 8 peripheral arms 42' which, as in the embodiment 
described in connection with figures 3 A and B, 
comprise permanent magnets 54. In the same way, the 
central arm 41' comprises a downstream portion 44 made 
of a soft magnetic material, a rare earth permanent 

15 magnet 55, and an upstream portion 46 made of a soft 
magnetic material, this upstream portion 46 hold the 
magnetic pole 49. A jacket 47 ensures the mechanical 
cohesion of the parts together forming an arm 42' or 
41' and ensures that the magnetic core portions 43, 45 

20 and the permanent magnet 54 are held in coaxial 
position. 

In this configuration, no central field coil is 
arranged around the central arm 41' or around the 
peripheral arms 42' comprising a permanent magnet 54. 

25 In this third configuration, the central arm 41' 

comprises a permanent magnet 55, and all of the 
peripheral arms 42' comprise a permanent magnet 54. 

In all of the configurations of the invention, the 
power of the magnets is adjusted such that the magnet 

30 field has an optimal value within the thruster's 
anticipated operating temperature range. 
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In the case of the configurations comprising coils 
51 and/or 52, the power of the magnets is also adjusted 
such that the number of coils is minimal. 



